The endodermis of plants is surrounded by an impermeable belt, the casparian strip, making it a highly selective barrier for nutrient uptake. Successful reprogramming of non-endodermal cells to form a casparian strip requires two signals produced by the vasculature.
Plant roots are responsible for the selective absorption of nutrients and water for the whole plant and can be seen as the 'gut' of the plant. Yet, this gut is inverted as it protrudes into the environment and actively explores it. A functional parallel between the animal gut and the plant root system is highlighted by the convergence in tissue organisation and cell polarity [1] . Plant roots are built from three concentric sets of tissues. On the outside, the epidermis is in direct contact with the soil. It is responsible for most selective uptake and is characterised by the presence of root hairs, thus resembling the brush border of animal epithelia. Below the epidermis, several layers of cortex and one layer of endodermis form the ground tissue that surrounds the central vascular tissue, the stele, where xylem and phloem allow nutrient transport from root to shoot and vice versa (Figure 1 ). The endodermis is the innermost layer of ground tissue, abutting and insulating the vascular tissue by forming a barrier for the free diffusion of solutes from the soil. This barrier, the casparian strip (CS), is a ring of hydrophobic cell wall material made of lignin (the main component of wood) and of suberin (what cork is made of). This strip functionally resembles tight junctions in animal epithelia and is an invention already found in evolutionarily ancient ferns [2] .
The hydrophobic nature of the CS blocks the diffusion of nutrients from the soil to the inside of the root via the apoplast, the interconnected space between plant cell walls ( Figure 1 ). By forcing nutrients and water to enter via plasma membrane transport proteins, the endodermis behaves as a gatekeeper to the vasculature and the rest of the plant, highlighting its prime physiological relevance [3] .
Efforts of several labs over the past 20 years have provided genetic and cell biological frameworks to understand how the endodermis is unique, located exactly around the vasculature and how the CS is precisely deposited around it.
The endodermis originates from the asymmetric division of a progenitor cell within the meristem at the tip of the root. A complex mechanism involving two transcription factors, SHORTROOT (SHR) and SCARECROW (SCR), the plant hormone auxin and components of the cell cycle ensures the unicity of the asymmetric cell division leading to the endodermis and cortex lineages [4] . Crucially, positional information for the specification of the endodermis is provided by the movement of SHR from the stele exactly one cell into the ground tissue [5] . This movement occurs via the second main route of communication in plants, the symplast, which is the network of cytoplasm interconnected through plasmodesmata [6] (Figure 1 ).
The differentiation of the endodermis and formation of the CS occurs outside of the meristem [7, 8] . A milestone in understanding CS formation has been the identification of the CASPs, plasma membrane proteins that precisely localise where CS will be deposited [9] . CASPs serve as a transmembrane scaffold that assembles the enzymes and co-factors needed for local lignin synthesis, a process that requires respiratory burst oxidase homolog F (RBOHF), peroxidase 64 (PER64) and enhanced suberin 1 (ESB1) [10, 11] .
The transcription factor MYB36 is an essential relay in the gene regulatory network governing endodermis differentiation. MYB36 is a target of SHR-SCR [12] that directly and positively regulates the expression of the CS genes CASP1, PER64, and ESB1 [13] . In the absence of MYB36, the CS formation is very much delayed [12, 13] . MYB36 is therefore linking endodermis specification to CS formation.
It is critical for the CS to be deposited as a continuous belt around the endodermis. The mechanisms responsible for this precise deposition rely on fine-tuned signalling events involving small peptides and their cognate receptors on the endodermis plasma membrane. Mutations in the endodermis receptor-like kinases SCHENGEN1 (SGN1) or SCHENGEN3 (SGN3) lead to a discontinuous strip of CASP expression. Consequently, the CS presents a 'beads on a string' appearance and is nonfunctional [14, 15] . SGN1 localises in a strictly polar fashion to the soil-facing plasma membrane of endodermal cells whereas SGN3 forms a broader ring-like domain on each side of the median CS domain [14] . Both overlap in the middle of the endodermis, in the CS domain [15] . CASPARIAN STRIP INTEGRITY FACTOR 1 and 2 (CIF1 and CIF2, collectively CIFs) are two related peptides produced in the stele able to bind SGN3 [16, 17] . It is postulated that CIFs-SGN3-SGN1 signaling forms a barrier surveillance system informing the endodermis about the integrity of the CS. As SGN1 is only present on the soil-facing side, CIFs-SGN3-SGN1 can only signal when the CS is not porous. Once the CS is sealed, the CIF peptides can no longer reach the domain where SGN3 and SGN1 colocalise and interact, informing the endodermis that the diffusion barrier has been established [16] .
The emerging model of endodermis differentiation posits a prime role for SHR. Transported from the stele to the endodermis, SHR specifies endodermal identity by inducing SCR expression [18] . SHR also governs CS positioning and formation by inducing MYB36 as a relay for expression of the CASP proteins, the enzymes necessary for CS formation and SGN1 expression [12, 13, 15] . SHR is additionally required for SGN3 expression [12, 13] . In parallel, the CIF peptides travel in the apoplasm from the stele to ensure sealing of the CS (Figure 1 ).
Whether this gene regulatory network encompasses all players and is sufficient to induce endodermis differentiation and CS formation in other root cells remained an open question. Two studies, one published in this issue of Current Biology [19] , the other in Nature Plants [20] , have now tested whether this gene regulatory network is sufficient to reprogram epidermal cells to differentiate as endodermis and form a CS.
The authors expressed ectopically SHR, SCR or MYB36 either constitutively in the epidermis [20] or inducibly throughout the root [19] and used expression of CASPs, and the deposition of lignin and suberin as markers for endodermal differentiation. Ectopic expression of SHR and MYB36, but not SCR, led to the stochastic formation of a CS domain and appearance of an incomplete CS with a bead on a string appearance [19, 20] . This indicates that SHR and MYB36 are sufficient to partially reprogram non-endodermal cells, whereas SCR is not. The transcriptional profile of SHR-induced ectopic endodermis was very similar to that of the native one, suggesting an almost complete re-programming [20] . Importantly, SHR's ability to induce reprogramming is cell autonomous: an immobile version of SHR was as potent as the native version in reprogramming nonendodermal cells [20] . The missing ingredients to achieve the formation of a CS are the apoplasmic CIF peptides. Incubation of plants expressing SHR ectopically with CIF peptides led to the sealing of the ectopic CS and importantly the stabilisation of the reprogrammed endodermal identity [19, 20] . This highlights a so far previously unappreciated role for receptor-kinase signaling in stabilising developmental programs controlled by transcription factors. Interestingly, CIF peptide treatment was unable to stabilise the reprogramming of cells induced by ectopic MYB36, suggesting complete activation of the SGN1-SGN3 signaling module requires input from SHR [19, 20] . Li et al. observed that whereas SCR was not sufficient to induce ectopic endodermis, its absence led to a shift of the CS domain from the centre to the stele, indicating that SCR is required for proper positioning of the CS [19] .
These two papers show that SHR acts as a master regulator to regulate almost all aspects of CS formation: position, lignification and integrity. Through MYB36, SHR promotes lignification; via SCR and MYB36, SHR regulates CS localisation; through SGN3, SHR controls the CS integrity (together with SGN1 and CIFs). The coincidence of two stelederived signalling events, the symplasmic movement of SHR and the apoplasmic diffusion of the peptides provides the spatial cues responsible that ensure that a single layer of endodermis, in direct contact with the stele, is formed ( Figure 1) .
The functional parallel between plant root and animal gut owes to the convergent use of a layer of highly polarised cells as a selective barrier. These two studies draw the parallel further, showing that the plant vasculature positions and instructs the differentiation of the endodermis, a process reminiscent of mesoderm induction in vertebrates.
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Position Synthesis A new study demonstrates that fruit flies can use a sun compass, which is encoded in specific neurons in the fly's brain, to maintain a fixed heading direction for up to six hours.
In the 21 st century, the era of technology, it is common to rely on digital navigation systems for orientation. Irrespective of whether we know the route to a destination or not, we simply follow the directions of a GPS system that is implemented in our car or mobile phone. If we go off course or take a wrong turn, the GPS system warns us immediately and redirects us to the correct route. Without using modern technology, however, we can still navigate by turning our attention to landmarks or road signs. But how can we orient in the absence of landmarks or street names, for example, when sitting in a boat in the middle of the ocean? Under such conditions, the sun is one of the few remaining orientation cues. By keeping a fixed heading to the sun, we avoid paddling around in circles and can at least steer our boat away from the current location. Many insects successfully orient using the sun as a reference. The orientation
